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1. INTRODUCTION 


Ellipsometry is an optical technique for the determination 
of the optical constants of surfaces and layers by the measu- 
rement of the changes in the state of polarization of light 
upon reflection from the measured materials. The reviews of 
research on this subject were given by Azzam and Bashara (1] 
and by Rzhanov [2] . 

We present an example of the application of the method of 
ellipsometry for characterization of $10, passive layers on 
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Si nuclear detectors. The layers have been produced by anodic 
oxidation and a solution of KNO} in ethyleneglycol served as 
sen electrolyte. The details of the samples preparation will 
be given in another paper. 


2. DESCRIPTION OF THE EQUIPMENT SET-UP 


A basic schematic diagram of the optical system is shown 
in Fig. 1. We use a light beam from argon ion ILA 120 or He-Ne 


Fig. 1. Schematic diagram of the ellipsometer: H - halogen 
lamp, L1*253 - lens, BD - beam divider, Ch = chopper, Pd - 
photodiode, M - monochromator, P - Glan-Thompson polarizer, 

S - sample, C - Soleil-Babinet compensator, A = Glan-Thompson 
analyser, D - detector, NV - lock-in nanovoltmeter, V - digi- 
tal voltmeter, L - laser 
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laser, or light from the 250 Ww hziogen lamp chat was focused 
by lens on the encranca siit of a wide-wavelength range mono- 
chramator SPM-2 Zeiss. The emergent lichr is collimated by 
the second lens and passes through an ellipsometer of our 
construction. 

The insirument has two arms, the first with a Glan-Thoa- 
pson polarizer is situat3d on the octical axis cf the mono- 
chromator. The second, nosing arm is cunposed of u sauple 
mount with a goniometer, a Soleil-Ba>inet conaponsator, a Clan 
Thompson enalvzar and s àos2todotector. A special construction 
of a gesring mechanism ailows a sample table to rotate throuch 
half the angle cf a moving arm. This makes possible to set 
any desired angle in the interval from 14 to 180 degrees, up 
to the angle of incidence of 87”. The light from the laser 
passes through monochromator to cut off the plasma emission. 
The apparatus shown in Fig. 1. works in a PSCA /Polarizer, 
Sampla, Compensator, Analyser/ arrangement, It can also be 
changed to a PCSA sequence. 

Different photodetectors /photomultipliers, silicon photo- 
transistors or PbS resistors/ can be used, depending on the 
wavelength, Saleil-Babinet compensator with a retardation 
phase set equal to 90° is mounted in the centre of a rotata- 
ble teble, The accuracy of reading of the azimuthal angles 
of the compensator and of the polarizers is better than 1 mi- 
nute. 

The ellipsometer has been calibrated with a standard glass 
plate of a given refraction index and with an evaporated gold 
layer. 


3. MEASUREMENTS AND CALCULATIONS 


Our ellipsometer worked with a He-Ne laser /6328 A (AD 
a suitabla light source for a $i0,/ Si system, and with the 
angle of incidence of 709. This instrument is "null's^ type. 
The null ellipsometry is based on finding a set of azimuthal 
angles for the polarizer, compensstor and analyzer / Ype des 


Y, such that the light flux falling on the photodetector 
is extinguished. 
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The ellipsonetric parameters, the change in phases ^ and 
in amplitudes + ot parallel /p/ and perpendicular /s/ compo- 
nents of linearly polarized light when it is reflected from 
the surface, can be determined using equations [2] : 


A = -2% (2X E Ye amr /A/ 


1-cos2 c cos (2 YA—2 X cl 
tg Y =t 
: TAL cos (254 —2 Kc] 


/2/ 


where tg y (sin 2 c1) tg 2p = 2 
sin 2 yo+ 922, - 2.1 

Suppose that the S10, films on Si substrate are ell opti- 
cally isotropic and homogeneous, with plane homogeneous boun- 
daries. The fundamental equation of ellipsometry for this sys- 
tem is [1] : 


e-2i8) 


A OF e72i6) (15 r, r 
tg e'A = Lip” 2p 7 = TAD. ry, 
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where ripe Tope Fis’ "og are Fresnel reflection coefficients 


for two interfaces: ambient-film and film-Substrate: 


fip * 
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Noe Nye No are complex refractive indices of ambient /air/, 
film and substrate, respectively. The angles of incidence O , 

» o 
Pye >, in 3 media are interrelated by Snell s law: 


N,sin ?, = Nqsin $, = N„sin >, 


N » n = ik 


ó is a phase change caused by the presence of a film of thick- 
ness d and index of refraction | nj? 


6-204 n,? - sin? $0] n 


Two parametors of a substrate: n5 and extinction coefficient 
ko can be calculated from A and r measured on the unoxidized 
parts of the samples, using equations [3] : 


2 cos? 2 Y - „sin? ky y, s 
4 
/1 + sin2'| cos A /? 


2 
n? 


- ko = sin? > /A + to? 9. 


sin4 » sin A 


2n_k_ = sin? E ZE 
"e Sr Ung fote to /1 + sin2^|cos^/ 


Using the ellipsometer of our construction we perforned mea- 
surements of HF-etched Si substrates and Si covered with the 
anodic oxide layers. For different samples the conditions of 
the oxidation were the same. 

The obtained values of refractive index and extinction 
coefficient of crystalline Si substrates /Tab. 1/ are in good 
agreement with literature values, which are well established 
now [4] . The funcamental absorption edge of the silicon oxide 


lies in the ultraviolet region and at 6328 À the films are 
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transparent /k = O/. Two cargnaters af our samnievi My ano the 
thickness of che film d ore still unknown. Thay can be deter- 
mined by a nunericel search through various values 2f n, and d, 
that satis'y 60./3, with values of Y and A taken fron the msa- 
surement. Th: results for six Si detectors with differant 
passive oxide layers wre given in Tab. 1. 


Tab. 1. Opiical constants and oxide thickaesaes of Si nuclear 


detectors 
Sample "n, d/»u^ ^2 ko 
T 1,621 52,2 3.862 0,021 
2 1.519 87,5 3.850 0,022 
3 4.624 74,1 3.873 0,020 
4 1,628 76,0 3.075 9,021. 
6 1.619 79,3 3,302 6.0223 
5 1.911 66,3 3,537 0.Uż2 


4, CONCLUSIONS 


We have shown that instrumert describsd in thia paper can 
be used as a sensitive tool for measuring the opxicel p”opei= 
ties of the oxide/substrate structures and iaterminino the 
oxide layer thicknesses. The value of refructive index gives 
information on quality and composition of produced «nodie 
oxidized films. in our case these values are large compared 
with values for $10, taken from the literature (5, 6] , w*1ch 
lie in the range 1.45 + 1.50. For SiO tHe refractive iudex 
approaches value of 2 at 6328 È [6] . Mostly orobably the 
admixture of silicon monooxide phase in our films exists. Mors 
detailed studies connected with the infiuence of a method uf 
oxide layer preparation on optical properties of the structures 
will be performed. 
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STRESZCZENIE 


W pracy opisano budowe elipsometru do pomiarów spektrosko- 
powych, pracującego wraz z monochromatorem SPM-2. Wyznaczono 
stałe optyczne i grubości warstw tlenkowych detektorów jadro- 
wych wykonanych z krzenu, 


PESDME 


B paóore npexcTrasaeH sJA4MncoueTep nosBoOAaDUMA npoxaBOINTb 
cnekTpockonmueckme ACCAE1OBAHKA C MOHOXpowxaTOpoM CIIM-2. Onpe- 
NeieHO ONTHYUECKMe NOCTOAHHNE M TOAMMAWH OKNCHHX DJeHOK HA 


KpeMHKeBUX NORAORKAX ANC PHHX JieTeKTODOB. 
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